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区及其冰岛近海>白令海及其邻近海域，并且 LMW-PAHs （4.60-177.50 ng/L，
平均值 36.05 ng/L）> MMW-PAHs （0.41-324.69 ng/L，平均值 10.53 ng/L）> 
HMW-PAHs（未检出-2.00 ng/L，平均值 0.28 ng/L）趋势。在三个研究扇区
PAHs含量呈明显陆架>陆坡>海盆分布趋势，其中，陆架海域低环 PAHs占主导
地位，在陆坡海域中、低环 PAHs 含量相当，而在海盆海域高环 PAHs 几乎很
少。 
 在全水柱 PAHs垂直分布方面，PAHs通过海-气交换先行进入海洋微表层并
进行扩散，导致表层低、高环 PAHs 浓度均较高；在上层水柱中，PAHs 易被海
域水体中大量生源颗粒物所吸附，并在生物体内富集，同时产生更大量的生源
颗粒以进一步吸附水体中溶解态的 PAHs，并且随向下输送过程与生物清除共同






 PAHs 在开阔海域中循环主要受控于相态分配及水溶性，3 环 PAHs Kd高值
分布于低纬（75°N）浅层海水及高纬（82°N）深层海水中；4 环 PAHs Kd高值
















深层海水；6 环 PAHs Kd高值分布于低纬（75°N）浅层海水中。北冰洋-大西洋
扇区海域，3、4、5、6环 PAHs Kd高值均分布在深层海水，最大值达到 500以
上。 
 白令海陆坡海域真光层 PAHs 输出通量含量范围为 6 730.60-                                   
12 193.00 ng/(m2·a)，垂向输出通量不仅受控于水柱中的浓度，同时也受到浮游
植物生产力的影响。整个白令海陆架、陆坡海域 PAHs储量 2 346.68 tons，海盆
























Surface and water column samples were collected across the Bering Sea, 
Chukchi Sea in the Pacific sector of Arctic, Fram Strait, Norwegian Sea, Greenland 
Sea and Iceland adjacent seas in the Atlantic sector of Arctic during the Fifth Chinese 
National Arctic Research Expedition in 2012, and analyzed for Low/Medium/High 
Molecular Weight-Polycyclic Aromatic Hydrocarbons (LMW/MMW/HMW-PAHs) to 
gain a deeper understanding of their concentrations, trends and fate, their spacial 
distribution pattern, partition pattern, source and particle settling with different 
hydrological process and biological pumps output factors. 
 The concentrations and distributions of PAHs followed the patterns Pacific 
sector > Atlantic sector and Iceland adjacent seas > Bering Sea and its adjacent seas, 
with LMW-PAHs (4.60-177.50 ng/L, average 36.05 ng/L) > MMW-PAHs (0.41-
324.69 ng/L, average 10.53 ng/L) > HMW-PAHs (non-detects-2.00 ng/L, average 
0.28 ng/L) and continental shelf > continental slope > ocean basin. LMW-PAHs 
dominated the contents in the continental shelf, followed by MMW-PAHs in the 
continental slope, however, minimum HMW-PAHs were found in the ocean basin. 
 Vertical profiles of PAHs in this study differed for particulate and dissolved 
compounds due to air-water exchange delivering PAHs to the marine surface 
microlayer then further diffusion made high concentrations in the surface water. 
Dissolved PAHs depleted in the upper water column driven by the process of 
accumulation of PAHs in phytoplankton organic matter and “pumped” into suspended 
particulate matter, thus enhancing the adsorption and settling. Furthermore, in the 
deep sea, sediment-water interface was the significant controlling factor for the PAHs 
transport and exchange between water and sediments, with bottom seawater and 
biological disturbance. A consequence of upwelling in the shelf, thermocline in the 
slope/basin as well as would be affiliated with high dense water mass sinking and/or 
mixing effect in the deep ocean possibly accounted for the spatial differences. 
 The recycling and transport of PAHs in the seawater is controlled by their phase 
association and aqueous solubility, upper layer in the low latitude (75°N) area and 
















of 3 rings-PAHs; low latitude area were characterized with high Kd value of 4 rings-
PAHs; high Kd of value of 5 rings-PAHs and 6 rings were found in the deep layer in 
the high latitude (82°N) and upper layer in the low latitude (75°N), respectively. 
Moreover, high Kd values (reach than 500) of PAHs were distributed in the deep layer 
of Pacific sector of Arctic.  
 The estimated particle settling flux of PAHs in the euphotic layer were 6 730.60-
12 193.00 ng/(m2·a), biological productivities plays a major role in the downward 
transport of PAHs as well as the concentrations in the water column. And the whole 
inventories in the continental shelf/slope and basin of the Bering Sea were                            
2 346.68 tons and 107 608.02 tons, respectively. The inventories of Chukchi Sea were 
only 2 329.27 tons. 
 The diagnostic ratios revealed clearly that PAHs in the Bering Sea and Arctic 
Ocean mainly from vehicular emissions, followed by the coal, grass, wood 
combustion which resulted in the combustion sources origination and relatively fewer 
petrogenic pollution sources. 
 
Key Words: PAHs; Marine Biogeochemical Behaviors; Spatial Distribution; Particle 






















物（Abbondanzi et al., 2005），是一类广泛存在于环境中的重要的持久性有机污
染物（Persistent Organic Pollutions，POPs）（Harvey, 1991）。作为半挥发性有机
物（Semivolatile Organic Compounds，SOCs）的一类，PAHs是源于燃料的不完
全燃烧和碳质材料高温分解的具有致癌、致突变性的污染物（Okona-Mensah    
et al., 2005）。多数 PAHs 易从植物或动物组织中提取检测出来，且可生物积累
于海洋生物机体内，并在自然界中持久存在（Albers, 1995）。总体来说，PAHs
属于非亲水性、高辛醇-水分配系数（KOW）的有机污染物，水溶性及挥发性随
分子质量增加而降低（Mackay and Shiu, 1977），进入水环境后易吸附于颗粒物
（主要为富含有机物的颗粒物）上（May et al., 1978）。在近岸及开阔大洋中，
PAHs 一经吸附便会随这些颗粒物质通过垂直沉降储存于沉积物中，此即为颗粒
活性有机污染物（如 PAHs）的清除作用及参与全球循环的最主要机制
（Lipiatou and Saliot, 1991）。PAHs大致具有持久性（Persistency）、长距离输送



























在低纬、中低纬度海域（Berrojalbiz et al., 2009）。正由于 PAHs的持久性，一经
排放进入环境中，便可在（海洋）水体、大气、土壤、沉积物和生物体内等环
境介质长期留存，即参与 POPs 的全球迁移、循环主要原因之一（Jones and De 
Voogt, 1999）。 
（2）长距离输送（Long Range Transport，LRT）特征 
 半挥发性及持久性，使得 PAHs 在温度驱使下于大气与地表间循环经历沉
降、挥发过程并且逐渐迁移至高纬地区，进而在各环境介质中皆可检测到
PAHs的存在（Jones and De Voogt, 1999），即可通过图 1.1所示“全球蒸馏效应
（Global Fractionation）”、“蚱蜢跳效应（Grasshopper Effect）”，参与大气
环流、洋流等长距离输送过程，直至贮存于极地地区（Wania and Mackay, 
1993）。在格陵兰冰芯研究中发现，检测出的 PAHs 含量范围水平比早期工业化
水平高出近 50倍，它们的质量分布变化表明 PAHs的来源在过去 200年中从化
石燃料燃烧逐渐转变为生物体燃烧，这与历史记录的世界石油产量相吻合





显示出一定的支配作用（Totten et al., 2001）。 
（3）生物积累及毒性效应 
 PAHs化合物经常与海上溢油相联系，例如，在大范围深水地平线石油泄漏
（Deepwater Horizon Oil Spill）中，科学家发现 PAHs浓度水平较未污染前高出



















图 1.1 PAHs全球分馏效应及蚱蜢跳效应示意图（Wania and Mackay, 1996） 
Figure 1.1 An illustration of the “Global Fractionation” and “Grasshopper 
Effect” Hypothesis（Wania and Mackay, 1996） 
 
可降低鱼类心跳速率，影响鱼幼虫发育等，对其他哺乳动物和脊椎动物生命活
动都产生一定影响（Mitra and Bianchi, 2003）。PAHs 毒性与其结构相关，同分
异构 PAHs 皆有所差异（从无毒至剧毒），benzo(a)pyrene 是首个被发现为化学
致癌的物质。美国环保署 EPA 将其中 7 中 PAHs 物质列为人体致癌物：
benz(a)anthracene、benzo(a)pyrene、benzo(b)fluoranthene、
benzo(k)fluoranthene、chrysene、dibenz(a,h)anthracene 和 indeno(1,2,3-c,d)pyrene
（Luch, 2005）。孕妇产前暴露于高浓度 PAHs 环境会引起新生儿智商降低及患
哮喘疾病（Karnoven et al., 2009）。儿童环境健康中心报告研究表明孕妇不良分
娩结果（包括新生儿体重严重不足、早产、心脏畸形等）与怀孕期间受 PAHs
污染相关（Genkinger et al., 2015）。暴露于 PAHs的婴儿脐带血检测结果显示出
DNA 损伤，其将会导致癌症（Perera et al., 2005）。后续有研究表明，PAHs 毒
性引发更高层次儿童发育期延缓，如三岁以上、儿童智商低下以及 6-8 岁儿童
出现行为障碍等（Perera et al., 2012）。 
 本文重点研究美国环境保护署颁布的 16 种优先 PAHs（EPA-PAH（Srogi, 
2007））（萘因其高挥发性、极不稳定性和低回收率因而未纳入本研究范围），它
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